Analytic expressions of partial derivatives of eigenfrequency with respect to elastic constants, density and size were derived for a rectangular parallelepiped and a sphere of elastically anisotropic solid, in order to provide an accurate inversion method for determining the elastic constants. The formulas were extended for determination of anisotropic dissipation constants from attenuation data of free oscillation of anelastic materials. A numerical example was given for an olivine specimen (orthorhombic) of rectangular parallelepiped.
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. Introduction
Elasticity measurement of Earth's materials is important for studies on constitution and structure of the Earth. Many methods have been devised for determination of elastic constants of the materials, most of which are macroscopically and microscopically anisotropic. The interferometry is excellent in accuracy (McSkimin, 1964) , although a rather large specimen or plural ones are needed for measurements at different orientations, in particular, for low symmetry crystals. The Brillouin scattering method is also useful for very small specimens (Weidner and Carleton, 1977; Sawamoto et al., 1984) , but small defects in the materials often make the elasticity measurement difficult.
In the past decade, the resonance method was developed for accurate determination of elastic constants of a small specimen and it was applied to a sphere and a cube of isotropic solid (Soga and Anderson, 1967; Demarest, 1971) , and also to a rectangular parallelepiped of anisotropic solids with orthorhombic crystal symmetry and with trigonal crystal symmetry (Ohno et al., 1986) . In the resonance method, we measure only the lowermost frequencies on one piece of small specimen, so that the applicability has been widely extended to the materials of geophysical interests. In fact, the rectangular parallelepiped resonance (RPR) method has been used to determine elastic constants of a number of rock-forming minerals of geophysical interest Sumino et al., 1976; Sumino and Nishizawa, 1978; Babuska et al., 1978; Suzuki et al., 1983; Yamamoto et al., 1987 
where sj denotes the parameters specifying the shape and size of the specimen. In the resonance method, we measure resonant frequencies of many eigenmodes and sizes {sj} for a specimen with a mass M, and determine {Ci} in order that the observed eigenfrequencies satisfy Eq. (1). This is a typical inversion problem to be solved with the least squares optimization. In the inversion calculation, the observation equations are expressed as (Mochizuki, 1986 (Mochizuki, , 1988 
where the L is Lagrangian defined by 
where
and ƒÃij(p) 5 is strain tensor for ƒÒ(p). When we adopt a condition of constraint for the 
the energy Eq. (9) is written as 
Partial Derivatives with Respect to Size of Specimen
The eigenfrequencies depend not only on elastic constants but also on sample size, as seen in Eq. (1). Both sample size and density change with the change of physical condition such as temperature, but mass M of the sample is usually constant. Thus it is convenient to take density as dependent parameter. When the eigenfrequency is considered to be a function of elastic constants, mass, and size, the partial derivatives of eigenfrequency with respect to half edge lengths Li (i= 1, 2, 3) of a rectangular parallelepiped are given by 
Numerical Example
A numerical example is given for a rectangular parallelepiped olivine, whose elastic constants, density, and edge lengths are listed in Table 1 . The derivatives of eigenfrequencies with respect to elastic constants are computed by using the analytic expression, Eq. (18), and they are compared in Table 2 with those calculated by the numerical differentiation method,. where the derivatives of eigenfrequency are numerically calculated by using change in eigenfrequency for small change of elastic constants. Small differences are found between the derivatives computed by the analytical and numerical methods. When dependence of eigenfrequency on the elastic constants is represented by quadratic form of elastic moduli, the values of the derivatives computed by numerical and analytical methods have to agree with each other. Thus the small differences between the derivatives may come from the third-or higher-order effect of elastic constants on the eigenfrequencies. Because the derivatives can be obtained as soon as the eigenfrequency is computed, the analytic expression is also useful for iterative inversion to determine elastic constants from observed resonant frequencies.
Elastic constants of the olivine specimen are redetermined by using the derivatives computed analytically, and the determined elastic constants are compared in Table 1 with those obtained by , who used the derivatives computed by the numerical method for determination of elastic constants. Although slight differences are found between the present and previous values of the elastic constants, they are within the uncertainty of elastic constants. Thus agreement between both elastic constants is good. This suggests that the derivatives of eigenfrequencies are correctly evaluated by the analytical formula.
In elasticity measurements of elastically anisotropic spheres, the analytic expression has been successfully used for rutile, periclase, CaO and olivine spheres (Suzuki et al., Table 1 . List of physical parameters of the specimen, olivine-1.* * A natural olivine with approximate composition (Mg 1.8Fe0.2SiO4). Vol. 41, No. 5, 1993 In the upper row, the derivative values by the present study and mode name by Mochizuki's nomenclature (1988) are indicated. In the lower row, the derivative values by the numerical differentiation method by and mode name by Ohno's nomenclature are indicated. Values of the parameters needed for calculating the derivatives are listed in Table 1. 1992a; Oda et al., 1989; Oda et al., 1992; Suzuki et al., 1992b) . Thus, report on results of actual computation for spherical specimens is omitted here.
Extension to the Determination of Anisotropic Dissipation Constants
The resonant oscillation of actual Earth's materials is dissipative in energy due to [p|q] 111 = 2C11G1 + C15G6 + C15G7 + C16G8 + C16G9
[p|q] 221 =-2C66G1 + C46G6 + C46G7 + C26G8 + C26G9
[p|q] 331 = 2C55G1 + C35G6 + C35G7 + C54G8 + C54G9
[p|q] 231 = 2C56G1 + C36G6 + C5497 + C25G8 + C46G9
[p|q] 321 = 2C56G1 + C45G6 + C36G7 + C46G8 + C25G9
[p|q] 311 = 2C15G1 + C55G6 + C13G7 + C14G8 + C56G9
[p|q] 131 = 2C15G1 + C13G6 + C55G7 + C56G8 + C14G9
[p|q] 121 = 2C16G1 + C14G6 + C56G7 + C66G8 + C12G9
[p|q] 211 = 2C16G1 + C56G6 + C14G7 + C12G8 + C66G9
[p|q] 112 = 2C66G2 + C56G4 + C56G5 + C16G8 + C16G9
[p|q] 222 = 2C22G2 + C24G4 + C24G5 + C26G8 + C26G9
[p|q] 332 = 2C44G2 + C34G4 + C34G5 + C45G8 + C45G9
[p|q] 232 = 2C24G2 + C44G4 + C23G5 + C25G8 + C46G9
[p|q] 322 = 2C24G2 + C23G4 + C44G5 + C46G8 + C25G9
[p|q] 312 = 2C46G2 + C36G4 + C45G5 + C1498 + C56G9
[p|q] 132 = 2C46G2 + C45G4 + C36G5 + C56G8 + C14G9
[p|q] 122 = 2C26G2 + C25G4 + C46G5 + C66G8 + C12G9
[p|q] 212 = 2C26G2 + C46G4 + C25G5 + C12G8 + C66G9
[p|q] 113 = 2C55G3 + C56G4 + C56G5 + C15G6 + C15G7
[p|q] 223 = 2C44G3 + C24G4 + C24G5 + C46G6 + C46G7
[p|q] 333 = 2C33G3 + C34G4 + C3495 + C35G6 + C35G7
[p|q] 233 = 2C34G3 + C44G4 + C23G5 + C36G6 + C45G7
[p|q] 323 = 2C34G3 + C23G4 + C44G5 + C45G6 + C36G7
[p|q] 313 = 2C35G3 + C36G4 + C45G5 + C55G6 + C13G7
[p|q] 133 = 2C35G3 + C45G4 + C36G5 + C13G6 + C55G7
[p|q] 123 = 2C45G3 + C25G4 + C46G5 + C14G6 + C56G7
[p|q] 213 = 2C45G3 + C46G4 + C25G5 + C56G6 + C14G7 Vol. 41, No. 5, 1993 
